Introduction
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Hi-C is a powerful tool for mapping interaction frequencies between 41 7 9
chromatin interaction frequency starts lower (~0.9) at 1kb and becomes higher In comparison to Drosophila S2, amplification introduced more obvious K562 cells, chromatin interaction frequency from SAFE Hi-C decays at a rate frequency from in situ Hi-C starts even lower (~0.5) at 10kb and continuously 1 9 1 increases and crosses with SAFE Hi-C at a genomic distance of 140kb ( 4b).
9 3
This comparison reveals an unexpected bias in Hi-C library amplification, which could be due to the competition of complementary fragment hybridization and primer annealing. It is reasonable to expect that pairs of ligated fragments of high concentration tend to hybridize to themselves instead
of primers. The increasing bias over distance also suggests that background
noise could be more significant over a longer distance. compartments and loops analysis.
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We first plotted heatmaps for Drosophila S2 cells with normalized datasets
and identified TADs at 5kb resolution ( Fig. 3c and Supplementary Fig. 5 ).
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Overall, we observed minimal variation in border strength across the genome 2 1 0 after amplification (Fig. 3c) . Consistently, the number of identified TADs was 2 1 1 similar and most of them were conserved (Fig. 3d) . These results together 2 1 2 suggest at least SAFE Hi-C is as reliable as traditional in situ Hi-C for TAD 2 1 3 characterization.
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We further calculated the interaction frequency vs distance within TADs
( Fig. 3e ). Similar to a global decaying pattern, normalization against SAFE
Hi-C within TADs showed that chromatin interaction frequency was 2 1 7
underrepresented within and overrepresented beyond 3 kb for most amplified libraries (Fig. 3f) both experiments (Fig. 4d) . However, for in situ Hi-C border index peaks are index values are lower for in situ Hi-C as well (Fig. 4d) . We aligned the borders the contrast between TADs and inter-TAD regions, which could be caused by
biased amplification over genomic distance as shown in Fig. 4a and 4b, and
thus underlines the importance of avoiding amplification in order to further
improve the quality of analysis. Finally, we identified long-range chromatin interactions at 5 kb resolution
for the Drosophila genome (q value < 0.1) but not for human genome because identification. Signal-to-noise ratio was calculated as described 5 . The number amplified Hi-C library ( Supplementary Fig. 10a , dark blue bar) overlapped with number of PCR cycles increased ( Supplementary Fig. 10d , upper panel),
suggesting amplification favored these interactions. However, for loops lost In addition to the introduction of PCR duplicates and a significant reduction shows little effect on accurate TAD identification when the same number of raw
sequencing paired reads were used.
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Though SAFE Hi-C was initially tested on Drosophila genome which is 2 7 4 much smaller than typical mammalian genomes, it is also suitable for large genomes due to its ability to maintain the original complexity and integrity of chromatin interaction diversity, effectively lowering sequencing depth and 2 7 7
saving labor and cost. We estimate that 1-2 million mammalian cells digested
with DpnII will generate the same amount of Hi-C ligation products as 30
million Drosophila cells, which will be enough for at least ten lanes of compromise the quality of TAD analysis. In sum, by avoiding amplification, SAFE Hi-C can be used to improve the 2 9 3 quality of Hi-C analysis as well as to save time, reagents and reduce cost. In cases when the available cell number is too low, SAFE Hi-C is also compatible with PCR amplification to ensure enough sequencing material can be 2 9 6 generated. Finally, other Hi-C methods using enzymes like DNase or MNase 2 9 7 may also be simplified and be amplification-free. Penicillin/Streptomycin P/S (Sigma, P0781) at 27°C. FBS at 37°C with 5% CO2. In situ Hi-C
In situ Hi-C was carried out as described. Cells were crosslinked with 1% were filled and marked with biotin-labelled dATP (Thermo Fisher, 19524016) 3 1 4
and dCTP, dTTP and dGTP before ligation. DNA was reverse crosslinked, DNA was pulled down on Streptavidin Dynabeads (NEB, S1420S). After DNA 12,16 and 20 cycles) to produce similar amounts of DNA for sequencing on the
Illumina HiSeq X10 platform (PE 2×150 bp reads). resuspended in 500 µL of ice-cold Hi-C lysis buffer and rotated at 4 °C for 30
min. Nuclei were pelleted at 4 °C for 5 min at 2,500 relative centrifugal force 3 2 8
(RCF), and the supernatant was discarded. Pelleted nuclei were washed once
with 500 µL of ice-cold Hi-C lysis buffer. The supernatant was removed again,
and the pellet was resuspended in 100 µL of 0.5% SDS and incubated at 62°C (NEB, R0147) were then added, and the sample was rotated at 37°C for 4 h.
DpnII was then heat inactivated at 62°C for 20 min with no shaking or rotation. To fill-in the restriction fragment overhangs and mark the DNA ends with biotin, at 10 mM each; and 10 µL of 5 U/µL DNA Polymerase I Large (Klenow)
Fragment (NEB, M0210). The reactions were then rotated at 37°C for 45 min. Proteinase K were added for crosslinking reversal. Incubate at 55°C for at architecture. Nat Genet 43, 1059-1065, doi:10.1038/ng.947 (2011) . black text shows shared steps in both methods, blue and red texts correspond steps specific for SAFE Hi-C and in situ Hi-C, respectively. sequence of adaptors is listed in Supplementary Table 1. complexity of the Drosophila genome. 
